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R  E  F  A  C  S 
AUTHORIZATIOr 

This^tudy  was  authorized  as  part  of  Najral 
Proving  Ground  Kesearch  Project  APL-6,  in  Bureau  of  » 
Ordnance  letter  !4I9/A9(Re3)  dated  9  January,.  194-3.  '  } , >] 

OBJECT  .  ^  i 

'V  0-^ 

This  report  describes  ^he  results^ of  firing 
of'  3-inch  experimental  capped  projectiles  against 
xflass  ’A"  and  homogeneous  plate,  conducted  as  part  of 
a  study  of  the  effect  of  cap  design  on  projectile  per¬ 
formance. 

^  3^)  SPT^'ARY 

This'  investigation  was  initiated  with  the 
viev;  of  determining  the  effect  of  the  different  cap 
variables  updn  projectile  penetration  of  Clcss  ’A" 
armor  under  the  widest  practicable  ranges  of  obliquity 
and  of  e/d. 

■  -4. 

Eight  different  projectiles  were  tested. 

The  Army  3-inch  li79  monoblock  shot  v;as  used  as  a  stan¬ 
dard  of  reference.  Six  projectiles  were  provided  by 
the  Bethlehem  Steel  Company,  comprising  various  cap  de¬ 
signs  applied  to  Bethlehem  Type  A-1  projectile  body; 
the  eighth  projectile  was  a  model  of  the  8-inch  Hark  11 
projectile  provided  by  the  Crucible  Steel  Company 

CLASS  PLATE  Class  "A"  plate  at 

20®  obliquity  for  an  e/d  of  1.08  (3 ’.’25)  the  unmodified 
i,l6l  capped  projectile  gave  the  lowest  limit  and  was 
recovered* in  the  best  condition  of  any  of  the  projectiles. 
The  other  projectiles  all  were  badl,y  broken  on  impact  J 
and  all  but  the  3"  iiark  il  type  Mere  rendered  ineffective. 
It  was  apparent  that  the  projectiles  were  not  of  suitable 
quality  for  quantitative  tests  against  Class  ”A”  armor. 
Accordingly,  firing  with  these  projectiles  was  carried 
out  against  homogeneous  plate  under  various  conditions 
to  gain  additional  infornatlcn  on  the  effect  of  can 
design. 

FOI-^OGEirEyilS  ELATE  low  obliquity  (less  than 

30*)  and  at  'eyST  values  for  v/hich  the  projectile  is  unde¬ 
formed,  a  cap  will  decrease  the  ability  of  a  projectile  to 
penetrate  homogeneous  plate.  At  0®oblindly  ftr  e/d  of  0.65 
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(1;'95)  ths  percentage  increase  in  F(e/d,r)  -  value 
over  the  uncapped  (M79)  value  is  approxiniEitely  equal 
to  the  cap  v;eight  in  percentage  of  the  total  pro¬ 
jectile  weight,  regardless  of  cap  shape  or  cap  hard¬ 
ness  for  the  ranges  used  in  these  variables.  At  e/d 
of  1,0  (3*0)  F(e7A,©)  increases  with  cap  weight  but 
not  as  rapidly  as  at  e/d  of  0,65  (Iy95). 

two  exceptions,  the  F-values  were  found 
to  be  larger  for  capped* projectiles  than  for  M79  pro¬ 
jectiles  at  30®  obliquity.^The  two  projectiles  which 
gave  better  performance  thin  IvI79  projectiles  were  the 
8’'  Kk.  11  tjrpe  (Dwk,  3001  cap)  which  ;;^ave  9S',o  of 

the  1:70  value  at  e/d  of  0.6'5  (1?95)  and  the  37mni  M51B2 
type  with  a  hard  cap  (DA-302,  ll^o  cep)  which  gave  95/5 
of  M79  value  at  e/d  sf  0.24  (0773).  These  differences 
may  be  the  result  of  a  type  of  punching  failure- of  the 
plate. 


60®  obliquity  capped  projectiles  gave  better 
performance  in  every  case  than  uncapped  pro jeot lies 
blunt  angular  cap  (If6l,  Dwg,  DA-301)  resulted  in  a  lover 
limit  than  longer  more  rounded  ca_ps  (Feavy  Type  A-1,  Dwg. 
DA-304)  of  the  same  weight. 


Soft  caps  were  uniformly  worse  than  hard  caps 
with  the  exception  of  the  attack  of  homogeneous  plate  at 
e/d  of  ,65  {ly95)  at  0®  obliouity,  where  a  superiority 
was  indicated  for  the-  soft  cap. 


Recommendations  are  included  in  the  report  for 
additional  tests  against  Class  plate  with  better 
quality  projectiles.  It  is  rcoocuiendod  that  projectiles 
be  included  of  designs  similar  to  nedern  8-inoh  and  14- 
inch  projectiles. 
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NPG  PHOTO  NO.  743  (APL) 

Sxperlmentel  Capped  Projectiles 

1.  Frankford  Areenai  3"  M^9  AI^  Projectile 

2.  Crucible  Steel  3”  Model  of  8**  Me, 11  projectile  Dr. 3001 

3.  Bethlehem  Steel.  Dwg. No. DA-302  Hard  and  Soft  Caps 
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imODUCTI?-N. 


Experimental  and  acceptance  testing  of  plates 
and  projectiles  carried  out  at  the  l^aval  Proving  Ground 
has  indicated  that  the  observed  ballistic  limit  of  a 
plate  under  given  test  conditions  may  depend  on  the 
weight,  hardness  and  shape  of  the  cap,  A  cap  is  placed 
on  a  projectile  primarily  to  permit  penetration  of  Class 
armor  in  an  effective  exploding  condition.  However 
the  cap  also  serves  two  other  useful  functions,  namely, 
it  reduces  the  limit  velocity  required  for  penetration 
of  homogeneous  plate  {STS  and  Class  "B”)  at  high  obliquity, 
and  also  makes  possible  the  penetration  of  Class  "B"  plate 
at  high  e/d  values  and  low  obliquity  for  which  the  un¬ 
capped  projectile  would  be  badly  deformed  or  shattered. 

In  order  to  Investigate  systematically  the  effect  of  the 
cap  variables  on  the  F-coefficient  under  various  test 
conditions,  it  was  proposed  to  carry  out  a  program  at 
■3»  scale.  Accordingly,  after  conference  at  the  Naval 
Proving  Ground  and  on  directions  from  the  Bureau  of 
Ordnance,  the  Bethlehem  Steel  Company  and  the  Crucible 
Steel  company  supplied  3-inch  capped  projectiles  having 
various  cap  designs  and  weights.  One  design  was  supplied 
with  both  hard  and  soft  caps.  The  present  report  de¬ 
scribes  the  results  of  the  firing  of  these  projectiles 
under  varied  conditions  as  carried  out  by  the  Armor  and 
Projectile  Laboratory  at  the  Naval  Proving  Ground. 

II  liATERlALS  AND  METHODS: 

Projectiles: 

Eight  different  tjT>es  of  3-inch  projectiles  were 
supplied  for  the  subject  tests.  The  Army  3-inch  M?9  shot, 
which  does  not  have  -  cap,  was  the  standard  uncapped  pro¬ 
jectile  with  Vi/hich  the  other  projectiles  ;vere  compared. 

One  projectile  was  a  model  of  the  8-inch  Mark  11  projectile 
manufactured  by  Crucible  Steel  Company.  The  remaining 
six  projectiles  were  submitted  by  Bethlehem  Steel  Company 
and  were  prepared  by  placing  various  caps  on  the  same  pro¬ 
jectile  body.  The  profiles  of  all  projectiles  ere  shown 
in  Pig.  1  {NPG  Photo.  No.  SCO  (ATI)).  In  Fig.  2  (NPG  Photo. 
No,  817  (AITj))  3-lnch  and  8-inch  projectiles  of  the  same 
percentage  c9p  weight  are  compared  in  profile.  Fig,  3 
(NI'G  Photo,  No,  743  (API.))  is  a  photograph  showing  all 
projectiles  except  DA- 303*  Further  data  on  the  projectiles 
are  given  below; 
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Projectile 

Proj, 

Weight 

Manufacturer 

1179  ' 

0 

15.00 

Frankford  Arsenal 

Hodel  of  8‘»  Ilk.  11 

IHvg.  3001 

6 

14.50 

Crucible  Steel 

Co. 

Model  of  37mm  ri31B2 

Dwg.  DA- 302 

Hard  Cap  (3II1M85) 

11 

13.60 

Bethlehem  Steel 

Co. 

Soft  Gap  (BHN-210) 

11 

13.60 

Bethlehem  Steel 

Co, 

Type  A-1  Light  Cap 

Dwg,  DA.303 

10 

12.90 

Bethlehem  Steel 

Co, 

Tj>pe  A-1  .Regular 

Dwg.  26780^ 

12 

13.90 

Bethlehem  Steel 

Co. 

Tjrpe  A-1  Heavy  Cap 

Dwg,  DA- 304 

16 

14.65 

Bethlehem  Steel 

Co, 

I'I61 

Dwg.  DA- 301 

15 

14.20 

Bethlehem  Steel 

Co. 

Uo  information  was  furnished  by  tho  manufacturers 
on  the  composition,  heat  treatment,  or  hardness  of  any  of 
the  experimental  projectiles,  Iieasurements  at  the  Proving 
Ground  on  the  two  caps  furnished  under  Drav/in^,  302  gave  a 
hardness  of  BIIN-4B5  for  the  hard  cap  and  of  hHii-210  for  the 
soft  cap. 

Plate  and  Test  Conditions. 


0V73  STS  Carnegie-Illlnois  No.  694365 
(Tensile  Strength  =  130,300  psi)  at  30" 
and  60®  obliquity, 

lv«94  STS  Carnegle-Illinols  No.  X12904 
(Tensile  Strength  •  123,000  psi)  at  0® 
and  30®  obliquity, 

31*19  STS  Carnegie-Illinois  Wo.  X9021 
(Tensile  Strength  =  120,000  psi)  at  0° 
obliquity, 

3 '.’25  Cla  '  ’’A"  Carnegie-Illinois  No. 
E1S630  (35'/^  chill)  at  30®  obliquity. 
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The  performances  of  the  several  projectiles  arc 
compared  by  the  procedure  doscribed  in  reference  1,  in 
v.-hich  solid  shot  having  various  ogivcj  v/ore  tested  against 
homogeneous  plate.  For  convenience  that  procedure  i*i 
repeated  here. 

•F{e/d,®)  values  are  calculated  for  each  test 
condition,  where  F(G/d,®)  is  defined  as  follows: 

1/2 

F(e/d,®)  -  41.5711  ^  V  cos® 

where  M  is  the  projectile  mass  In  pounds,  V  ia  the  limit 
velocity  in  feet  per  second  (the  minimum  velocity  required 
for  a  projectile  to  pass  coip'aletely  through  the  plate)  9, 
the  obliquity,  is  the  angle  between  the  normal  to  the  plate 
and  the  line  of  flight,  ^  is  the  plate  thickness  at  the  point 
of  impact  in  inches,  and"'d  is  the  projectile  diameter  in 
inches*  The  calculated  FTe/d,®) -value  for  each  projectile 
under  eacht'ist  condition  ia  then  compared  with  the  standard 
Navy  F{o/d,®) -values  as  given  by  the  1931  empirical  formula, 

F{e/d,«)  »  6(e/d  -  0.45) (9^  +  2000)  +  40,000 

where  e  and  d  arc  in  the  same  units  and  9  is  in  degrees. 

The  caTculat'ed  value  of  F  is  expressed  in  tho  tables  in 
the  App0ndi7C  as  a  percentage  of' this  empirical  F. 

The  limit  velocities  for  complete  penetrations 
are  calculated  from  the  residual  velocities  by  a  method 
of  measurement  developed  at  the  Ilaval  Proving  Ground  at 
3'  scale  and  described  in  reference  2,  Sstimatos  are  also 
made  of  limits  from  depth  of  penetration  for  incomplete 
penetrations , •  In  case  a  good  estimate  of  the  limit  is 
not  available,  tho  value  of  FCe/d,®)  is  calculated  by  using 
in  place  of  tho  limit  velocity,  the  highest  striking 
velocity  giving  incomplete  penetratiohj  or  lov7e3t  striking 
velocity  giving  a  complete  penetration,  and  the  result  is 
marked  with  a  plus  or  minus  sign  to  indicate  that  the  true 
value  is  higher  or  lower, 

III  RESULTS ! 

The  results  given  in  detail  in  the  Appendix  are 
summarized  below: 
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kk.  11 

37mm  K51B2  Type 

Type  A-1 

Type  A-1 

M61 

Type 

Hard  Cap 

Heavy  Cap 

116 

114+ 

113 

117+ 

107 

TABLE  lx 


SUi.2IARY  OF  BALLISTIC  RESUi.TS  OF  FIRING  CF  E^CPERrENTAL 


The  results  here  are  given  in  F(e/d,9)  as  % 
of  the  value  for  K79  under  same  test  conditions. 


Prc jectile 

Cap 

0®  Obllq. 

30*  Cbliq. 

60*  Obliq 

"e". 

..l’J94 

3*» 

Ov'73 

lw94 

0773 

e/d. 

..  ,.65 

1.0 

,24 

,65 

.24 

M79' 

0 

100 

100 

100 

100 

100 

Dvrg . .  3001 
(8”  -i;.!!  Type) 

6 

106+ 

101 

101 

98 

96 

Dwg,  DA-302 
(37mm  k5lB2  Type) 

Hard  Cap  11 

111 

107 

95 

102 

99 

Soft  Cap 

11 

109 

107 

109+ 

106 

~ 

Dwg,  DA-303 

Type  A-1, 

(Light  Cap) 

10 

111 

mmmm 

108 

91 

Dwg.  267805 

12 

112 

106 

100+ 

no 

91t5 

(Tj^pe  A-1) 

Dwg.  DA- 304 

Type  A-1 
(Heavy  Cap) 

16 

116 

109 

104 

113 

95 

Dwg.  DA-301 
(M61) 


15 


116  112  103  114  86 
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IV 


DISCUSSION. 


For  3V25  (e/d  of  1.00)  Class  plate  at  20® 
the  standard  ;vi6l  gave  a  6‘'j  lower  limit  than  any  of  the 
others  tested  and  was  the  only  projectile  that  penetrated 
the  plate  in  a  whole  condition.  The  remaining  projectiles 
v/ere  rather  badly  broken  by  the  impact  with  only  one  of  them, 
the  S'-  l.ik,  11  Type  (Dwg.  3001)  penetrating  in  an  effective 
bursting  condition.  For  the- condition  of  the  projectiles 
Q/ter  penetrating  this  plate,  see  Figs.  4  and  5  (NI^G-  Photos. 
Nos.  614-615  (/uL))  spposite  page  6).  Because  of  the  con¬ 
siderable  lnferiorit.y  of  the  experimental  projectiles  to  the 
standard  Ivi6l ,  it  was  not  possible  to  get  quantitative  infor¬ 
mation  on  effect  of  cap  veriables  against  Class  ’A"  armor. 
Accordingly,  in, order  to  extend  information  on  the  homogeneous 
plate,  the  remaining  projactilhs  were  fired  against  such 
plate  under  various  condltioniJ, 


ligalnst  homogeneous  plate  at  0®  obliquity  for  the 
subject  Dlate  thicknesses,  i.e.,  for  e/d  of  .65  (1795)  and  • 
(370},  the  use  of  capped  projectiles  resulted  in  higher 
F( e/d,0)-value3  than  were  obtained  for  uncapped  projectiles 
against  the  same-plate.  For  e/d  of  O.65  (1;95)  the  F{e/d,e) 
values  increased,  within  experimental  erior,  at  a  rate  pro¬ 
portional  to  the  cap  weieht.  For  e/d  of  1,0  (370)  F(e/d,C) 
also  increased  v.'ith  cap  weight  but  not  as  rapidly  as  at 
lower  e/d.  Differences  in  cap  weight  for  thr;  same  cap  shape 
such  as  between  DA- 302  and  DA-303,  and  between  drawings  DA-304 
and  DA-301  did  not  have  any  appreciable  effect  on  the  observed 
limit.  For  the  same  cap  of  different  hardnesses  the  soft  cap  ■ 
gave  better  performance  at  e/d  of  .65  (1795)  than  the  hard  cap. 
while  at  e/d  of  1.0  (370)  both  caps  gave  the  same  limit. 


At  30®  obliquity  for  e/d  values  of  0,24  (0773) 
and  0,65  (1V95)  the  trends  were  somewfiat  different  than 
those  of  ^thfc  0®  results,  b'ith  the  exception  of  DA-302 
(hard  11^,  cap)  at  e/d  of  0.24  (0773)  and  Dwg,  3OOI  (8»»  ?.%,  U 
type  with  6%  cap)  at  e/d  of  0.65  (1795)  the  F-values  Increased 
wich  cap  weight,  the  difference  between  the  j:79  projectile  and 
projectiles  having  15-lfr,,  cap  (DA-304  and  DA-301)  being  3-4«4 

13-14^  at  e/d  Of  0.65  (lr94).  Thus 
Obliquity  at  low  e/d  the  cap  effect  is  not  as  great 
a/d,  /viiicii  awy  ue  a.  i-csull.  Of  the  gi-oaL«x'  ouu 
deformation  st  the  higher  e/d  value.  DA-302  (Hard  Cap) 
whxch  has  a  relatively  flat  cap,  gave  an  ?-value  5%  below 
the  >179  value  at  e/d  of  0.24  {  0773),  tho  best  performance 
projectiles  tested  under  those  conditions.  At  e/d 
of  0,65  (1795)  the  8”  Kk.  11  type  (Dwg,  3001)  was  25b  better 
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than  the  K79.  The  reasons  for  the  superior  performance 
of  these  tw»  projectiles  under  the  given  conditions  are 
not  apparent  from  the  firin  ,  It  nay  be  a  result  of  a 
type  of  punching  notion  but  from  an  inspection  of  the 
Impact  it  was  not  possible  to  determine  with  certainty 
whether  there  was  any  punching  or  not.  The  soft  cep  on 
BA-302  was  distinctly  inferior  to  the  hard  enp  especially 
at  c/d  of  0,24  (0?73)  in  which  the  difference  between 
F-values  for  hard  and  soft  caps  (BA-302)  was  more  than 

la. 

At  60®  obliquity  for  e/d  of  0.24  {OV73)  the  :..79 
gave  the  worst  performance  of  any  of  the  projectiles  tested. 

In  general  at  this  obliquity  and  e/d  the  heavier  the  cap 
weight  the  lower  is  the  F-value,  The  effect  of  cap  shape  was 
clearly  shown  by  the  eomparison  of  DA-304  and  DA-301  v;hich 
have  about  the  same  cap  weight,  l6>c.  and  15?»  respectively, 
but  different  ahapes.  BA-301,  the  standard  Lt61,  gave  ^ 
better  performance  than  BA-304.  This  difference  is  the 
result  of  the  blunter  and  more  angular  charaeter  of  the  ;i6l 
cap  which  enables  that  projectile  to  ’’bite"  the  plate  better 
than  the  DA-304  (Heavy  Type  A-1)  which  has  a  smoother,  mere 
pointed  contour. 

The  results  given  here  are  in  general  qualitative 
agreement  with  observations  for  8”  firing  at  the  Plate  Battery 
against  homogeneous  plate.  In  Fig.  2  the  profiles  of  three  8” 
projectiles  are  compared  with  3”  projectiles  vof  the  same  cap 
weight.  For  8-inch  projectiles  at  obliquities  less  than  40® 
and  at  e/d  of  0,25  there  is  little  difference  between  the 
three  8”  projectiles  of  Fig.  2,  whereas  at  6C*  the  performance 
is  better  in  order  of  increasing  cap  weight,  as  was  also  the 
observed  behavior  of  the  3‘'  prajeotxles  having  a  siiailar  series 
of  percentage  cap  weights., 

V  CCNCIUSIONS. 

1,  Subject  to  confirmation  against  Class  ”A”  armor, 
the  most  desirable  cap  shape -of  those  tested  and  reported 
herein  seems  to  be  the  blunt,  angular  variety  similar  tc  the 
M61,  lik.  11  or  37iam  M51B2  types. 

2,  The  advantage  of  suitable  cap  shape  arises  at 
high  obliquity  impacts  against  thin  platej,  v/here  improved 
performance  as  great  as  14  psr  cent  is  observed. 

3,  Caps  interfere  with  penetration  of  homogeneous 
plate  at  low  obliquity  (up  to  30®)  in  proportion  to  their 
relative  weights. 

(a)  The  cap  weight  effect  falls  off  at 
low  and  high  e/d  values. 
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(b)  The  interference  with  penetration  is 
not  influenced  by  cap  shape, 

VI  R:i:CQr:'J!:STOATi:iN3. 

Additional  experimental  tests  arc  desirable , 
especially  against  Class  armor,  to  study  the-  effect 
of  cap  shape  and  projectile  nose  shape.  It  is  recommended 
that  arrangems'vnts  be  made  to  obtain  3”  projectiles  similar 
in  design  tc  the  8"  A.I .  *i.Iark  19-4,  and  14"  A,?.  !rlk.  l6 
reds,  4  and  8  in  order  to  .simulate  I'late  Battery  test 
conditions  -at  3»»  scale-  The  heat-treatment  of  experimental 
caps  and  projectile  bodies  should  follow  the  best  current 
practice, 

VII  Ria^£:K2IJC2S, 

1.  The  effect  of  Nose  Shape  on  the  Ballistic 
Performance  of  15-lb,  3"  A.?.  Solid  Shot 
against  Homogeneous  Armor.  U.S,  Naval 
Proving  Ground  Report  No.  2-43  dated 

'26  February,  1943 » 

2.  Penetration  of  Homogeneous  /vrmor  by  3-inch 
Plat  nosed  projectiles,  r,3.  Naval  Proving 
Ground  Report  No,  7-43  dated  19  April,  1943. 
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VIII  API  END IX. 

BALLISTIC  DATA 


e., ...  .Plate  thickness  at  impact  in  inches. 

9, .Obliquity.  Angle  between  trajectory  and 
normal  to  plate  at  lmi>act, 

M. . . . .Pro jeetlle  mass  in  lbs. 

V3, ,,  .striking  Velocity  in  I'cct  per  second. 

.PciiQ,, Depth  cf  ponotration  in  inches  meosurod  from 
front  surface  normal  to  plane  of  the  plate, 

V .  Vr.*. •Residual  Velocity  after  ponotration  of  plate. 

F (c/d, 6 ),, ..Thompson  F-eoefficient  defined  by  the 
relation. 

F  -  ti.57  oosd 


whore  =  limit  velocity  (ninimum  velocity  for 
complete  penetration), 

. of  empirical  F(c/d,9)  value  (Buord  Sk.  7-3841), 

CP, .Complete  penetration.  Projectile  completely 
through  tho  platvi, 

Inc. . .Incomplete  penetration.  Projectile  rejected, 
SIP, . .Pro jectile  stuck' in  plate. 


H^OJPCTILE  ColjP'ITieN 
...Excellent. 

NB,,.,Hose  shatterod,  (Less  than  half  of  the  projectile 
shattered. ) 

X, ... .Shattered,  (Hore  than  half  of  the  projectile 
shattered, ) 

BD,,,,Base  dent. 

Broken  in  two. 
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1305  213  OA-302  1.9<0  29‘’50»  13.60  1451  2-3/4*» 

Sort  Cap  « 

1306  213  "  1.938  29”50*  13.60  1514  CP  318  47,000±200  108 

1227  212  3001  1.937  29”40»  14.50  1492  '  CP  724  43,200±400  11 

1228  M79  1.937  29'’45»  I5.00  1338  OP  I60  44,300±200  102 


UNCLASSIFIED 


UNCLASSIFIED 


